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(54) Printer and ink cartridge attached thereto 

(57) The present invention provides a printer (1 ) that 
enables required data, such as a remaining quantity of 
each ink ( Jn+1 ), to be written securely even when a stor- 
age device having a relatively low allowable frequency 
of rewriting is applied for a storage element (80) mount- 
ed on an ink cartridge (107K, 107F). The present inven- 
tion also provides an ink cartridge (107K, 107F) that is 
detachably attached to the printer (1). In the printer (1) 
of the present invention, a sequential access-type EEP- 
ROM having a relatively low allowable frequency of re- 
writing is applied lor storage elements (80) incorporated 
in both a black ink cartridge (107K) and a color ink.qar- 
tridge (107F). A print controller (40) in the printer (1 ) has . 
a memory, for which an EEPROM (or a DRAM) is appli- 
cable. Data relating to each ink cartridge (107K, 107F), 



are stored into both the EEPROM (90) of the print con- 
troller (40) and a memory cell (81 ) included in the stor- 
age element (80) of the ink cartridge. The writing oper- 
ation of data intothe EEPROM (90) of the print controller 
(40) is carried out at every time the remaining quantity 
of each ink is calculated, whereas the writing operation 
into the memory cell (81) in the storage element (80) of 
the ink cartridge (107K, 107F) is carried out restrictedly 
in response to a power down instruction. This arrange- 
ment causes the frequency of writing into the storage 
element (80) of the ink cartridge (107K, 107F)tobe low- 
er than the frequency of writing into the EEPROM (90) 
of the print controller (40). This accordingly fulfills the 
requirements, that is, the sufficient reliability of data and 
the restriction of the allowable frequency of rewriting. 
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Description 

[0001] The present invention relates to a printing ap- 
paratus, such as an ink jet printer and an ink jet plotter, 
and also to an ink cartridge detachably attached to a s 
printer main body of the printing apparatus. More spe- 
cifically the invention pertains to a technique of process- 
ing and storing required pieces of information in the ink 
cartridge. 

[0002] The printing apparatus like the ink jet printer 10 
and the ink jet plotter mainly includes an ink cartridge, 
in which one or plural inks are kept, and a printer main 
body with a print head to carry out actual printing oper- 
ations on a printing medium. The print head ejects ink 
fed from the ink cartridge onto the printing medium, such *s 
as printing paper, so as to implement printing on the 
printing medium. The ink cartridge is designed to be de- 
tachably attached to the printer main body. A new ink 
cartridge has a predetermined quantity of in k kept there- 
in. When the ink kept in an ink cartridge runs out, the ink 20 
cartridge is replaced with a new one. Such a printing 
apparatus is arranged to cause the printer main body to 
calculate the remaining quantity of ink in the ink car- 
tridge based on the amount of ink ejected from the print 
head and to inform the user of a state of running out of 25 
the ink, in order to prevent the printing procedure from 
being interrupted by the out-of-ink. 
[0003] Another proposed ink cartridge stores certain 
pieces of information, such as the type and the capacity 
of each ink kept in the ink cartridge, in advance. These 
pieces of information are stored, for example, in the form 
of a barcode, in the ink cartridge. The printer, to which 
such an ink cartridge is attach ed, scans the barcode and 
reads the certain pieces of information, such as the type 
of ink kept in the ink cartridge, thereby enabling a print- 
ing process suitable for the ink to be carried out. 
[0004] While the certain pieces of information, such 
as the type of each ink kept in the ink cartridge, are 
stored in the ink cartridge : other pieces of information 
relating to the ink cartridge, such as a remaining quantity 
of each ink, are stored in the printer or a printer driver 
for the printer. In the event that the ink cartridge is re- 
placed with a new one in the course of a printing proc- 
ess, the information relating to the ink cartridge, such as 
the remaining quantity of each ink, may be lost or made 
incorrect. 

[0005] The object of the present invention is thus to 
provide a printer that adequately processes and stores 
information relating to a cartridge, such as a remaining 
quantity of each ink or toner, as well as a cartridge, which 
is detachably attached to such a printer, without increas- 
ing the manufacturing cost of the cartridge. 
[0006] At least part of the above and the other related 
objects is actualized by a printer, to which a cartridge is 
detachably attached, the ink keeping ink therein and 
having a rewritable non-volatile memory, wherein the ink 
kept in the cartridge is transferred from a print head 
mounted on a printer main body of the printer to a print- 



ing medium, so as to implement printing. The printer in- 
cludes: a memory writing unit that writes plural pieces 
of information relating to the cartridge into the rewritable 
non-volatile memory of the ink cartridge at a preset tim- 
ing and thereby at a certain frequency; a rewritable stor- 
age device incorporated in the printer main body of the 
printer; and an information writing unit that writes spe- 
cific information into the rewritable storage device of the 
printer main body at a specified frequency that is higher 
than the certain frequency, at which the plural pieces of 
information relating to the cartridge are written into the 
non-volatile memory of the cartridge, the specific infor- 
mation being identical with at least part of the plural piec- 
es of information relating to the cartridge. 
[0007] The present invention is also directed to a 
method of managing information in a printer, which cor- 
responds to the configuration of the printer discussed 
above. In the method, a cartridge, which is detachably 
attached to the printer, keeps ink therein and has a re- 
writable non-volatile memory, wherein the ink kept in the 
cartridge is transferred from a print head mounted on a 
printer main body of the printer to a printing medium, so 
as to implement printing. The method includes the steps 
of: writing plural pieces of information relating to the car- 
tridge into the rewritable non-volatile memory of the ink 
cartridge at a preset timing and thereby at a certain fre- 
quency; and writing specific information into a rewritable 
storage device incorporated in the printer main body of 
the printer at a specified frequency that is higher than 
the certain frequency, at which the plural pieces of in- 
formation relating to the cartridge are written into the 
non-volatile memory of the cartridge, the specific infor- 
mation being identical with at least part of the plural piec- 
es of information relating to the cartridge. 
[0008] In the printer and the corresponding method of 
the present invention, the rewritable non-volatile mem- 
ory is mounted on the cartridge, which is detachably at- 
tached to the printer. Information relating to the cartridge 
is written into the storage device incorporated into the 
printer main body of the printer at a specified frequency, 
which is higher than a certain frequency, at which the 
information is written into the non-volatile memory of the 
cartridge. The information relating to the cartridge is 
thus updated at the higher frequency in the storage de- 
vice of the printer, whereas the writing operation of the 
information into the non-volatile memory of the cartridge 
is restricted. This arrangement enables a storage ele- 
ment having a relatively low allowable frequency of re- 
writing to be applied for the non-volatile memory of the 
cartridge. This arrangement also prevents a possible 
trouble, that is, making the writing operation of informa- 
tion into the non-volatile memory incomplete, which oc- 
curs in a conventional structure when the power supply 
is suddenly cut off, for example, by power failure or by 
pulling the power plug out of the socket, in the course 
of the writing operation into the non-volatile memory of 
the cartridge. 

[0009] The difference in frequency of writing may be 
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attained by a specific configuration, wherein data are 
written intothe non-volatile memory at the preset timing, 
whereas data are written into the storage device ol the 
printer main body at the preset timing as well as at an- 
other timing. 

[0010] In accordance with one preferable application 
of the present invention, the plural pieces of information 
are written intothe rewritable non-volatile memory of the 
cartridge at a power-off time of the printer and/or at a 
time of replacement of the cartridge. While the power 
supply to the printer continues and the same cartridge 
is used, it is thought that the contents of the storage in 
the storage device of the printer main body accurately 
reflect the information relating to the cartridge attached 
to the printer. 

[0011] In accordance with one preferable application 
of the present invention, the specific information is writ- 
ten into the rewritable storage device on completion of 
printing with regard to one page or on completion of 
printing with regard to at least one raster line. This is 
because the information relating to the cartridge is gen- 
erally updated with the progress of the printing opera- 
tion. By way of example, the amount of ink consumption 
gradually increases with the progress of the printing op- 
eration. It is accordingly effective to write the information 
regarding the amount of ink consumption into the stor- 
age device of the printer main body when the printing 
operation is completed with regard to one page or with 
regard to at least one raster line. 

[001 2] In accordance with another preferable applica- 
tion of the present invention, the printer further includes 
a cleaning unit that is activated in response to a prede- 
termined operation, so as to carry out a head cleaning 
process, which causes the print head to eject a prede- 
termined quantity of ink. In this structure, the specific 
information is written into the rewritable storage device 
at a timing when the cleaning unit is activated. This is 
because the head cleaning process consumes a rela- 
tively large quantity of ink. The timing of writing informa- 
tion into the storage device may be in the course of the 
head cleaning process, on completion of the head 
cleaning process, or before the head cleaning process 
is initiated. 

[0013] In accordance with one preferable embodi- 
ment of the printer, the non-volatile memory transmits 
data by serial access. In this case, the plural pieces of 
information are written into the non-volatile memory of 
the cartridge in synchronism with a clock for specifying 
an address. The non-volatile memory that transmits da- 
ta by serial access is generally inexpensive and desira- 
bly applied for the expendable cartridge. 
[0014] In accordance with another preferable embod- 
iment of the printer, the rewritable storage device of the 
printer main body is a non-volatile memory that holds 
contents of storage even after a power-off operation of 
the printer. In this case, the information in the storage 
device of the printer main body, which is rewritten at the 
high frequency, is kept even in the case of an accidental 



power off. In accordance with still another preferable 
embodiment of the printer, a writing rate of the rewritable 
storage device of the printer main body is higher than a 
writing rate of the rewritable non-volatile memory of the 

s cartridge. Applying a high-speed storage element for the 
storage device of the printer main body that is rewritten 
at a high frequency enables the high-speed access in 
the printer main body and favorably reduces the total 
access time. Either a DRAM or an SRAM may be appli- 

io cable as the high-speed storage element. The DRAM is 
generally inexpensive and readily available. The SRAM, 
on the other hand, does not require the refreshing proc- 
ess and is readily backed up. 

[0015] The rewritable storage device of the printer 
is main body may be disposed in a control IC, which di- 
rectly controls the writing operation of the plural pieces 
of information into the non-volatile memory of the car- 
tridge. In this structure, the printer main body is in charge 
of controlling the writing operation of data into the stor- 
20 age device of the printer main body incorporated in the 
control IC. In the case where there is a requirement for 
writing data into the non-volatile memory of the car- 
tridge, for example, in the case of power failure, howev- 
er, the control IC is in charge of controlling the writing 
2S operation into the non-volatile memory of the cartridge. 
This arrangement favorably relieves the loading to the 
printer main body, and enables the writing operation into 
the non-volatile memory of the cartridge to be carried 
out quickly. When there is a requirement for writing data, 
30 for example, in the case of cutting the power supply off, 
the printer main body outputs a writing instruction to the 
control IC. The control IC receives the writing instruction 
and directly writes the contents of storage in the storage 
device disposed therein into the non-volatile memory of 
35 the cartridge. 

[0016] The printer may have a carriage : to which both 
a black ink cartridge, in which black ink is kept, and a 
color ink cartridge, in which a plurality of different color 
inks are kept, are detachably attached. In general, the 
40 printer may have a structure that receives any cartridge 
that keeps only one ink or a combination of selected 
inks. In this structure, a non-volatile memory should be 
provided in each cartridge, that is, respectively in the 
black ink cartridge and the color ink cartridge. The infor- 
ms mation relating to each cartridge is written into the non- 
volatile memory of the cartridge. 
[0017] Although the writing operations into the non- 
volatile memory of the cartridge and into the rewritable 
storage device of the printer main body are carried out 
so at different frequencies, the information is written into 
both the non-volatile memory and the rewritable storage 
device at some identical timings. For example, it is de- 
sirable that the data are written into both the storage 
device of the printer main body and intothe non-volatile 
55 memory of the ink cartridge at a power-off time of the 
printer. In this case, the information may be written into 
the non-volatile memory of the ink cartridge, before the 
information is written into the storage device of the print- 
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er main body. This arrangement causes the contents of 
storage in the non-volatile memory of the cartridge to be 
securely updated. Even in the event that the cartridge 
is replaced with a new one during the power-off time of 
the printer, this enables the accurate pieces of informa- 
tion to be stored in the non-volatile memory of the car- 
tridge. 

[0018] In accordance with an alternative structure, the 
information is written into the non-volatile memory of the 
cartridge, after the writing operation of the information 
into the storage device of the printer main body is com- 
pleted. In this case, a non-volatile storage element is 
applied for the rewritable storage device of the printer 
main body. This enables the storage device of the printer 
main body to securely hold the information relating to 
the cartridge. A storage element that enables the high- 
speed access is generally applied tor the storage device 
of the printer main body. This advantageously com- 
pletes the writing operation of the information relating to 
the cartridge within a short time period. 
[0019] The printer and the corresponding method 
may further has a structure that determines whether or 
not the contents of storage in the non-volatile memory 
of the cartridge are coincident with the contents of stor- 
age in the rewritable storage device of the printer main 
body at a time of power supply to the printer and/or at a 
time of initiating a replacement of the cartridge. The 
structure reconciles the contents of storage in one of the 
non-volatile memory and the rewritable storage device 
with the contents of storage in the other of the non-vol- 
atile memory and the rewritable storage device, in the 
case where it is determined that the contents of storage 
in the non-volatile memory are not coincident with the 
contents of storage in the rewritable storage device. The 
contents of storage having the higher precision should 
be chosen preferentially over the other, based on a se- 
quence of the writing operation discussed above. One 
possible application writes the information relating to the 
cartridge together with information regarding a writing 
time and refers to the information regarding the writing 
time to determine which contents of storage should be 
preferential over the other. 

[0020] The present invention is further directed to a 
cartridge keeping ink therein and having a rewritable 
non-volatile memory, the cartridge being detachably at- 
tached to a printer, wherein information relating to the 
cartridge is written into the non-volatile memory of the 
ink cartridge at a certain frequency that is lower than a 
specified frequency, at which the information relating to 
the cartridge is written into a storage device incorporat- 
ed in a printer main body of the printer. 
[0021] The timings of the writing operations into the 
non-volatile memory of the cartridge and into the stor- 
age device of the printer main body are those discussed 
above with regard to the printer of the present invention. 
For example, the information relating to the cartridge 
may be written into the non-volatile memory of the car- 
tridge at a power-off time of the printer and/or at a time 



of replacement of the cartridge. 

[0022] The applicable type of the non-volatile memo- 
ry, the sequence of the writing operations into the stor- 
age device of the printer main body and the non-volatile 

s memory ol the cartridge, and the configuration of carry- 
ing out the writing operation into the non-volatile mem- 
ory of each cartridge are identical with those discussed 
above with regard to the printer of the present invention. 
[0023] In accordance with one preferable application 

10 of the present invention, the cartridge has an ink reser- 
voir that is parted into at least three ink chambers, in 
which at least three different inks are kept. In this case, 
the non-volatile memory of the cartridge has a plurality 
of information storage areas, in which plural pieces of 

1$ information regarding quantities of the at least three dif- 
ferent inks are stored respectively and independently. It 
is practical that a storage capacity of at least one byte 
is allocated to each of the plurality of information storage 
areas. The respective inks have different amounts of ink 

20 consumption. It is accordingly desirable to store the 
amount of ink consumption for each ink. 
[0024] In accordance with another preferable applica- 
tion of the present invention, the cartridge has an ink 
reservoir that is parted into at least five ink chambers, 

2S in which at least five different inks are kept. The at least 
five different inks include three deep color inks and two 
light color inks, which correspond to two deep colors 
among the three deep color inks. In a concrete example, 
the three deep color inks are cyan, magenta, and yellow, 

30 and the two light color inks are light cyan and light ma- 
genta. 

[0025] In accordance with one preferable embodi- 
ment of the cartridge, the non-volatile memory has a 
specific writing area, in which the plural pieces of infor- 
ms mation are written, on one end of a memory space there- 
of. The end area of the memory space readily generates 
an address to be accessed preferentially. Namely the 
end area of the memory space is often included in an 
area accessed first as default. In the non-volatile mem- 
40 ory of sequential access type, the memory is sequen- 
tially accessed from a head position or an end position 
thereof. Assuring the writing area in one end of the mem- 
ory space thus favorably enables the information relat- 
ing to the cartridge, for example, the remaining quantity 
45 of ink in the cartridge, to be stored quickly and securely, 
while reducing the manufacturing cost of the cartridge. 
[0026] A programmable ROM (EE PROM) that can be 
erased electrically may be applied for the non-volatile 
memory. A flash ROM is also applicable for the non-vol- 
so atile memory. 

[0027] In the configuration of the present invention, 
the information relating to the cartridge may include a 
piece of information regarding a remaining quantity of 
each ink in the cartridge or a piece of information regard- 
55 jng a cumulative amount of ink consumption with regard 
to the cartridge. The information may also include piec- 
es of information regarding the type of ink kept in the 
cartridge and the term of validity of the cartridge. The 
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information may further include pieces of information re- 
garding the time elapsing after unsealing the cartridge 
and the frequency of attachment and detachment of the 
cartridge to and from the printer main body, both of 
which are measured by the printer main body The in- 
formation may further include the pieces of information 
regarding the year, month, and date ol manufacture of 
the cartridge and the capacity of each ink in the car- 
tridge. Part of these pieces of information are not 
changed by the use of the cartridge and may thereby be 
kept in a non-rewritable area. 

[0028] These and other objects, features, aspects, 
and advantages of the present invention will become 
more apparent from the following detailed description of 
the preferred embodiments with reference to the accom- 
panying drawings, in which:- 

Fig. 1 is a perspective view illustrating the structure 
of a main part of a printer 1 in one embodiment ac- 
cording to the present invention; 
Fig. 2 is a block diagram illustrating the internal 
structure of the printer 1 including a print controller 
40; 

Fig. 3 shows a layout of nozzle openings 23 formed 

on the print head 10 shown in Fig. 1 ; 

Figs. 4A and 4B are perspective views respectively 

illustrating the structures of an ink cartridge 107K 

and a cartridge attachment unit 18; 

Fig. 5 is a sectional view illustrating an attachment 

state in which the ink cartridge 107K shown in Fig. 

4A is attached to the cartridge attachment unit 18 

shown in Fig. 4B; 

Fig. 6 is a block diagram showing the configuration 
of a storage element 80 incorporated in the ink car- 
tridges 107K and 107F attached to the printer 1 
shown in Fig. 1 ; 

Fig. 7A is a flowchart showing a processing routine 
to write data into the storage element 80; 
Fig. 7B is a timing chart showing the timing of exe- 
cution of the processing shown in the flowchart of 
Fig. 7 A; 

Fig. 8 shows a data array in the storage element 80 
incorporated in the black ink cartridge 107K at- 
tached to the printer 1 shown in Fig. 1 ; 
Fig. 9 shows a data array in the storage element 80 
incorporated in the color ink cartridge 107F at- 
tached to the printer 1 shown in Fig. 1 ; 
Fig. 10 shows a data array in an EEPROM 90 in- 
corporated in the print controller 40 of the printer 1 
shown in Fig. 1 ; 

Fig. 11 is a flowchart showing a processing routine 
executed at a time of power supply to the printer 1; 
Fig. 12 is a flowchart showing a processing routine 
to calculate the remaining quantity of ink; 
Fig. 1 3 is a flowchart showing a processing routine 
to store data into the storage elements 80, which is 
executed by interruption in response to a power 
down instruction; 



Fig. 14 is a block diagram showing a connection of 
a control IC 200 in a second embodiment according 
to the present invention; 

Fig. 1 5 is a block diagram showing a memory struc- 
5 ture in one modification of the second embodiment; 
and 

Fig. 16 is a perspective view illustrating the struc- 
ture of another color ink cartridge as one modifica- 
tion of the present invention. 

10 

[First Embodiment] 

(General Structure of Printing Apparatus) 

15 [0029] Fig. 1 is a perspective view illustrating the 
structure of a main part of an ink jet printer 1 in one em- 
bodiment according to the present invention. The printer 
1 of the embodiment is used in connection with a com- 
puter PC, to which a scanner SC is also connected. The 

20 computer PC reads and executes an operating system 
and predetermined programs to function, in combination 
with the printer 1 , as a printing apparatus. The computer 
PC executes an application program on a specific oper- 
ating system, carries out processing of an input image, 

25 for example, read from the scanner SC, and displays a 
processed image on a CRT display MT. When the user 
gives a printing instruction after the required image 
processing, for example, retouching the image on the 
CRT display MT, is concluded, a printer driver incorpo- 

30 rated in the operating system is activated to transfer 
processed image data to the printer 1 . 
[0030] The printer driver converts original color image 
data, which are input from the scanner SC and subject- 
ed to the required image processing, to color image data 

35 printable by the printer 1 in response to the printing in- 
struction, and outputs the converted color image data to 
the printer 1. The original color image data consists of 
three color components, that is, red (R), green (G), and 
blue (B). The converted color image data printable by 

40 and output to the printer 1 consists of six color compo- 
nents, that is, black (K), cyan (C), light cyan (LC), ma- 
genta (M), light magenta (LM), and yellow (Y). The print- 
able color image data are further subjected to binary 
processing, which specifies the on-off state of ink dots. 

45 These image processing and data conversion process- 
es are known in the art and are thus not specifically de- 
scribed here. These processes may be carried out in the 
printer 1, in place of the printer driver included in the 
computer PC, as discussed later. 
so [0031] The following describes the basic structure of 
the printer 1 . Referring to Fig. 1 and the block diagram 
of Fig. 2, the printer 1 has a print controller 40 that is in 
charge of control procedures and a print engine 5 that 
actually performs ejection of ink. The print controller 40 
55 and the print engine 5 are incorporated in a printer main 
body 1 00. The print engine 5 included in the printer main 
body 100 has a print head 1 0, a sheet feed mechanism 
11 , and a carriage mechanism 12. The print head 10 is 
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integrally formed with a cartridge attachment unit 18 to 
construct a carnage 101. The print head 10, which is an 
ink jet type, is mounted on a specific face of the carriage 
101 that faces a sheet of printing paper 105, that is, a 
lower face of the carriage 101 in this embodiment. The s 
carriage mechanism 12 includes a carriage motor 103 
and a timing belt 1 02. The carriage motor 1 03 drives the 
carriage 101 via the timing belt 102. The carriage 101 
is guided by a guide member 104 and moves forward 
and backward along a width of the printing paper 105 10 
by means of normal and reverse rotations of the carnage 
motor 1 03. The sheet feed mechanism 1 1 that feeds the 
printing paper 105 includes a sheet feed roller 106 and 
a sheet feed motor 116. 

[0032] A black ink cartridge 1 07K and a color ink car- ?5 
tridge 1 07R which will be described later, are detachably 
attached to the cartridge attachment unit 18 of the car- 
riage 101 . The print head 10 receives supplies of inks 
fed from these ink cartridges 107K and 107F and ejects 
ink droplets againsl the printing paper 105 with a move- 20 
ment of the carriage 101 , so as to create dots and print 
a picture image or letters on the printing paper 105. 
[0033] Each of the ink cartridges 1 07K and 1 07F has 
a cavity therein for keeping ink, which is prepared by 
dissolving or dispersing a dye or a pigment in a solvent. 25 
The cavity for keeping ink therein is generally referred 
to as an ink chamber. The black ink cartridge 1 07K has 
an ink chamber 117K, in which black ink (K) is kept The 
color ink cartridge 107F has a plurality of ink chambers 
107C, 107LC, 107M, 107LM, and 107Y, which are 30 
formed separately. Cyan ink (C), light cyan ink (LC), ma- 
genta ink (M), light magenta ink (LM), and yellow ink (Y) 
are kept respectively in these ink chambers 107C, 
107LC, 107M, 107LM, and 107Y The print head 10 re- 
ceives supplies of various color inks fed from the respec- 3S 
tive ink chambers 107C, 107LC, 107M, 107LM, and 
1 07 Y, and ejects ink droplets of various colors to imple- 
ment color printing. 

[0034] A capping unit 108 and a wiping unit 109 are 
disposed on one end of the printer 1 , which is included 40 
in a non-printable area. The capping unit 108 closes 
nozzle opening formed on the print head 10 during the 
stoppage of printing operation. The capping unit 1 08 ef- 
fectively prevents the solvent component in the ink from 
being vaporized during the stoppage of printing opera- ^5 
tion. Preventing the vaporization of the solvent compo- 
nent in the ink favorably depresses an increase in vis- 
cosity of ink and formation of an ink film. Capping the 
nozzle openings during the stoppage of printing opera- 
tion effectively prevents the nozzles from being clogged, so 
The capping unit 108 also has a function of collecting 
ink droplets ejected from the print head 1 0 by a flushing 
operation. The flushing process is carried out to eject 
ink when the carriage 101 reaches the end of the printer 
1 during the execution of the printing operation. The ss 
flushing process is one of the actions for preventing the 
nozzles from being clogged. The wiping unit 109 is lo- 
cated in the vicinity of the capping unit 108 to wipe the 



10 

surface of the print head 10, for example, with a blade, 
so as to wipe out the ink residue or paper dust adhering 
to the surface of the print head 10. In addition to these 
actions, the printer 1 of the embodiment carries out a 
sucking operation with regard to the nozzles, for exam- 
ple, in the case of abnormality occurring due to invasion 
of bubbles into the nozzles. The sucking process press- 
es the capping unit 1 08 against the print head 1 0 to seal 
the nozzle openings, activates a suction pump (not 
shown), and makes a passage connecting with the cap- 
ping unit 108 in a negative pressure, so as to cause ink 
to be sucked out of the nozzles on the print head 10. 
The flushing operation, the wiping operation, and the 
sucking operation are included in a head cleaning pro- 
cedure. The wiping operation may be carried out by an 
automatic mechanism that uses a preset blade and au- 
tomatically wipes the surface of the print head 10 with 
forward and backward movements of the carriage 101 . 
In this case, only the flushing operation and the sucking 
operation are included in the active head cleaning pro- 
cedure. 

[0035] A control circuit of the printer 1 is discussed 
with Fig. 2, which is a functional block diagram showing 
the internal structure of the ink jet printer 1 of the em- 
bodiment. The print controller 40 has an interface 43 that 
receives various data, such as print data, transmitted 
from the computer PC, a RAM 44 in which the various 
data including print data are stored, and a ROM 45 in 
which programs for various data processing are stored. 
The print controller 40 further has a controller 46 includ- 
ing a CPU, an oscillator circuit 47, a driving signal gen- 
erator circuit 48 that generates a driving signal COM giv- 
en to the print head 10, and a parallel input-output inter- 
face 49 that transmits the print data developed to dot 
pattern data and the driving signal COM to the print en- 
gine 5. 

[0036] Control lines of a switch panel 92 and a power 
source 91 are also connected to the print controller 40 
via the parallel input-output interface 49. The switch 
panel 92 has a power switch 92a for turning the power 
source 91 on and off, a cartridge switch 92b for giving 
an instruction to replace the ink cartridge with a new one, 
and a cleaning switch 92c for giving an instruction to 
perform the forcible cleaning of the print head 1 0. When 
the power switch 92a on the switch panel 92 is operated 
to input an instruction of a power-off operation, the print 
controller 40 outputs a power down instruction as a re- 
quirement of non-maskable interruption NMI lo the pow- 
er source 91 . The power source 91 receives the power 
down instruction NMI and falls into a stand-by state. In 
the stand-by state, the power source 91 supplies a 
stand-by electric power to the print controller 40 via a 
power supply line (not shown). The standard power-off 
operation carried out via the switch panel 92 thus does 
not completely cut off the power supply to the print con- 
troller 40. 

[0037] The print controller 40 monitors whether or not 
a preset electric power is supplied from the power 
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source 91 , and outputs the power down instruction NMI 
when a power plug is pulled out of a socket. The power 
source 91 has an auxiliary power unit, for example, a 
capacitor, to ensure a power supply for a predetermined 
time period, for example, 0.3 seconds, after the power 
plug is pulled out of the socket. The print controller 40 
also outputs the power down instruction NMI when the 
cartridge switch 92b on the switch panel 92 is operated 
to give an instruction of replacing the ink cartridge. 
[0038] The print controller 40 has an EEPROM 90 
mounted thereon as a memory of the printer main body 
100, which stores information relating to the black ink 
cartridge 107K and the color ink cartridge 107F mounted 
on the carriage mechanism 12 as shown in Fig. 1. The 
EEPROM 90 stores plural pieces of specific information 
including information relating to quantities of inks in the 
black ink cartridge 107K and the color ink cartridge 
107F, as discussed later in detail. The ink quantity-re- 
lating information may regard the remaining quantities 
of inks in the ink cartridges 107K and 107F or the 
amounts of ink consumption with regard to the ink car- 
tridges 107K and 107F. The print controller 40 also has 
an address decoder 95, which converts desired ad- 
dresses in a memory cell 81 (described later) of a stor- 
age element 80 (described later), at which the controller 
46 requires to gain accesses (read and write)., into num- 
bers of clocks. The controller 46 in the print controller 
40 generally processes data by the unit of 8 bits or 1 
byte. The memory cell 81 of the storage element 80 in- 
corporated in the ink cartridges 107K and 107F is seri- 
ally accessed in synchronism with reading and writing 
clocks. The address decoder 95 accordingly converts 
the addresses to be accessed into the numbers of 
clocks. 

[0039] The printer 1 determines the amount of ink 
consumption by calculation. The calculation of the 
amount of ink consumption may be carried out by the 
printer driver incorporated in the computer PC or by the 
printer 1 . The calculation of the amount of ink consump- 
tion is performed by taking into account the following two 
factors: 

(1 ) Amount of ink consumption by printing an image: 

In order to accurately calculate the amount of 
ink consumption in the process of printing, image 
data are subjected to color conversion and binari- 
zation processes and converted to onoff data of ink 
dots. With regard to the image data in the on con- 
dition of ink dots, the weight of each dot is multiplied 
with the number of dots. Namely the frequency of 
ejection of ink droplets from the nozzle openings 23 
is multiplied by the weight of each ink droplet. The 
amount of ink consumption may be approximated 
from the densities of the respective pixels included 
in the image data. 

(2) Amount of ink consumption by cleaning the print 
head 10: 

The amount of ink consumption by cleaning the 



print head 10 includes an amount of ink ejection by 
the flushing operation and an amount of ink suction 
by the sucking operation. The action of the flushing 
operation is identical with the normal ejection of ink 

5 droplets, and the amount of ink ejection by the flush- 
ing operation is thus calculated in the same manner 
as described in the factor (1). The amount of ink 
consumption by the sucking operation is stored in 
advance according to the revolving speed and the 

10 activation time of the sucking pump. The amount of 
ink consumed by one sucking action is generally 
measured and stored in advance. 

[0040] The current remaining quantity of ink is deter- 

is mined by subtracting the calculated amount of ink con- 
sumption from the previous remaining quantity of ink pri- 
or to the current printing operation. The controller 46 car- 
ries out the calculation of the remaining quantity of ink 
according to a specific program, for example, one stored 

20 in the ROM 45, using data stored in the EEPROM 90. 
[0041] In the arrangement of this embodiment, the 
color conversion and binarization processes are per- 
formed by the printer driver in the computer PC as de- 
scribed previously. The printer 1 thus receives the binary 

25 data, that is, the data on the dot on-off conditions with 
regard to each ink. The printer 1 multiplies the weight of 
ink for each dot (that is, the weight of each ink droplet) 
by the number of dots to determine the amount of ink 
consumption, based on the input binary data. 

30 [0042] The ink jet printer 1 of the embodiment re- 
ceives the binary data as described previously. The ar- 
ray of the binary data is, however, not coincident with 
the nozzle array on the print head 10. The control unit 
46 accordingly divides the RAM 44 into three portions, 

35 that is, an input buffer 44A, an intermediate buffer 44B, 
and an output buffer 44C, in order to perform the rear- 
rangement of the dot data array. The ink jet printer 1 
may alternatively carry out the required processing for 
the color conversion and the binarization. In this case, 

40 the ink jet printer 1 registers the print data, which include 
the multi-tone information and are transmitted Irom the 
computer PC, into the input buffer 44A via the interface 
43. The print data kept in the input buffer 44A are sub- 
jected to command analysis and then transmitted to the 

45 intermediate buffer 44B. The controller 46 converts the 
input print data into intermediate codes by supplying in- 
formation regarding the printing positions of the respec- 
tive letters or characters, the type of modification, the 
size of the letters or characters, and the font address. 

so The intermediate codes are kept in the intermediate 
buffer 44B. The controller 46 then analyzes the interme- 
diate codes kept in the intermediate buffer 44B and de- 
codes the intermediate codes into binary dot pattern da- 
ta. The binary dot pattern data are expanded and stored 
55 in the output buffer 44C. 

[0043] In any case, when dot pattern data corre- 
sponding to one scan of the print head 10 are obtained, 
the dot pattern data are serially transferred from the out- 
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put buffer 44C to the print head 1 0 via the parallel input- 
output interface 49. After the dot pattern data corre- 
sponding to one scan of the print head 10 are output 
from the output buffer 44C, the process erases the con- 
tents of the intermediate buffer 44B to wait for conver- 5 
sion of a next set of print data. 

[0044] The print head 10 causes the respective noz- 
zle openings 23 to eject ink droplets against the printing 
medium at a predetermined timing, so as to create an 
image corresponding to the input dot pattern data on the 10 
printing medium. The driving signal COM generated in 
the driving signal generator circuit 48 is output to an el- 
ement driving circuit 50 in the print head 10 via the par- 
allel input-output interface 49. The print head 10 has a 
plurality of pressure chambers 32 and a plurality of pie- is 
zoelectric vibrators 17 (pressure-generating elements) 
respectively connecting with the nozzle openings 23. 
The number of both the pressure chambers 32 and the 
piezoelectric vibrators 17 is thus coincident with the 
number of the nozzle openings 23. When the driving sig- 20 
nal COM is sent from the element driving circuit 50 to a 
certain piezoelectric vibrator 17, the corresponding 
pressure chamber 32 is contracted to cause the corre- 
sponding nozzle opening 23 to eject an ink droplet. 
[0045] Fig. 3 shows an exemplified layout of the noz- 
zle openings 23 on the print head 1 0. The print head 1 0 
has a plurality of nozzle arrays respectively correspond- 
ing to the black ink (K), the cyan ink (C), the light cyan 
ink (LC), the magenta ink (M), the light magenta ink 
(LM), and the yellow ink (Y). Each nozzle array includes 
the nozzle openings 23 arranged in two lines and zig- 
zag. (Structure of Ink Cartridges 107K, 107F and Car- 
tridge Attachment Unit 18) 

[0046] The black ink cartridge 107K and the color ink 
cartridge 107F, which are attached to the ink jet printer 
1 having the above configuration, have a common basic 
structure. The following description regards the struc- 
ture of the ink cartridge, the black ink cartridge 107K as 
an example, and the structure of the cartridge attach- 
ment unit 18 of the printer main body 100, which re- 
ceives and holds the ink cartridge 107K, with reference 
to Figs. 4A : 4B, and 5. 

[0047] Figs. 4A and 4B are perspective views sche- 
matically illustrating the structures of the ink cartridge 
107K and the cartridge attachment unit 18 of the printer 
main body 100. Fig. 5 is a sectional view illustrating an 
attachment state in which the ink cartridge 107K is at- 
tached to the cartridge attachment unit 18. 
[0048] Referring to Fig. 4A, the ink cartridge 1 07K has 
a cartridge main body 171 that is composed of a syn- 
thetic resin and defines the ink chamber 11 7K in which 
black ink is kept, and a storage element (non-volatile 
memory) 80 incorporated in a side frame 172 of the car- 
tridge main body 171. An EEPROM is generally applied 
for the storage element 80 that is rewritable by electri- 
cally erasing the non-required contents of storage and 
maintains the contents of storage even after the power 
supply is cut off. The allowable frequency of rewriting 



data in the storage element 80 is about ten thousand 
times, which is significantly lower than the allowable fre- 
quency of rewriting in the EEPROM 90 incorporated in 
the print controller 40. This makes the cost of the storage 
element 80 extremely low. The storage element 80 en- 
ables transmission of various data to and from the print 
controller 40 of the printer 1 , while the ink cartridge 1 07K 
is attached to the cartridge attachment unit 18 of the 
printer main body 100 shown in Fig. 4B. The storage 
element 80 is received in a bottom-opened recess 173 
formed in the side frame 172 of the ink cartridge 107K. 
The storage element 80 has a plurality of connection ter- 
minals 174 exposed to the outside in this embodiment. 
The whole storage element 80 may, however, be ex- 
posed to the outside. Alternatively the whole storage el- 
ement 80 is embedded, and separate connection termi- 
nals may be provided independently. 
[0049] Referring to Fig. 4B, the cartridge attachment 
unit 18 has an ink supply needle 181 , which is disposed 
upward on a bottom 1 87 of a cavity, in which the ink car- 
tridge 107K is accommodated. A recess 183 is formed 
about the needle 181. When the ink cartridge 107K is 
attached to the cartridge attachment unit 1 8, an ink sup- 
ply unit 175 (see Fig. 5), which is projected from the bot- 
tom of the ink cartridge 1 07K, is fitted in the recess 1 83. 
Three cartridge guides 182 are set on the inner wall of 
the recess 183. A connector 186 is placed on an inner 
wall 184 of the cartridge attachment unit 18. The con- 
nector 186 has a plurality of electrodes 185, which are 
in contact with and thereby electrically connect with the 
plurality of connection terminals 174 of the storage ele- 
ment 80 when the ink cartridge 107K is attached to the 
cartridge attachment unit 18. 

[0050] The ink cartridge 107K is attached to the car- 
tridge attachment unit 1 8 according to the following pro- 
cedure. When the user operates the cartridge switch 
92b on the switch panel 92 to give an instruction of re- 
placing the ink cartridge 107K, the carriage 101 moves 
to a certain position that allows replacement of the ink 
cartridge 107K. The procedure of replacement first re- 
moves the used ink cartridge 107K. A lever 192 is fixed 
to a rear wall 1 88 of the cartridge attachment unit 1 8 via 
a support shaft 191 as shown in Fig. 5. The user pulls 
up the lever 192 to a release position, at which the ink 
cartridge 107K can be removed from the cartridge at- 
tachment unit 18. A new ink cartridge 107K is then lo- 
cated on the cartridge attachment unit 18, and the lever 
192 is pressed down to a fixation position, which is over 
the ink cartridge 107K. The press-down motion of the 
lever 192 presses the ink cartridge 107K downward, so 
as to make the ink supply unit 1 75 fitted into the recess 
183 and make the needle 181 pierce the ink supply unit 
175, thereby enabling a supply of ink. As the lever 192 
is further pressed down, a clutch 193 disposed on a free 
end of the lever 1 92 engages with a mating element 1 89 
disposed on the cartridge attachment unit 18. This se- 
curely fixes the ink cartridge 107K to the cartridge at- 
tachment unit 18. In this state, the plurality of connection 
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terminals 174 on the storage element 80 in the ink car- 
tridge 1 07K electrically connect with the plurality of elec- 
trodes 1 85 on the cartridge attachment unit 1 8. This en- 
ables transmission of data between the printer main 
body 100 and the storage element 80. When the re- 
placement of the ink cartridge 107K is completed and 
the user operates the switch panel 92 again, the car- 
riage 101 returns to the initial position to be in the print- 
able state. 

[0051] The color ink cartridge 107F basically has a 
similar structure to that of the ink cartridge 107K, and 
only the difference is described here. The color ink car- 
tridge 107F has five ink chambers in which five different 
color inks are kept. It is required to feed the supplies of 
the respective color inks to the print head 10 via sepa- 
rate pathways. The color ink cartridge 107F accordingly 
has five ink supply units 175, which respectively corre- 
spond to the five different color inks. The color ink car- 
tridge 107F, in which five different color inks are kept, 
however, has only one storage element 80 incorporated 
therein. Pieces of information regardingthe ink cartridge 
107F and the five different color inks are collectively 
stored in this storage element 80. 

(Structure of Storage Element 80) 

[0052] Fig. 6 is a block diagram showing the configu- 
ration of the storage element 80 incorporated in the ink 
cartridges 1 07K and 1 07F attached to the ink jet printer 
1 of the embodiment. Figs. 7A and 7B show a data writ- 
ing process into the memory cell 81. 
[0053] As shown in the block diagram of Fig. 6, the 
storage element 80 of the ink cartridges 107Kand 107F 
includes the memory cell 81 , a read/write controller 82, 
and an address counter 83. The read/write controller 82 
is a circuit that controls reading and writing operations 
of data from and into the memory cell 81 . The address 
counter 83 counts up in response to a clock signal CLK 
and generates an output that represents an address 
with regard to the memory cell 81 . 
[0054] The actual procedure of writing operation is de- 
scribed with reference to Figs. 7A and 7B. Fig. 7A is a 
flowchart showing a processing routine executed by the 
print controller 40 in the printer 1 of the embodiment to 
write the remaining quantities of inks into the storage 
elements 80 incorporated in the black and color ink car- 
tridges 107K and 107F, and Fig. 7B is a timing chart 
showing the timing of execution of the processing shown 
in the flowchart of Fig. 7A. 

[0055] The controller 46 of the printer controller 40 
first makes a chip select signal CS, which sets the stor- 
age element 80 in an enabling state, in a high level at 
step ST21 . While the chip select signal CS is kept at the 
low level, the count on the address counter 83 is set 
equal to zero. When the chip select signal CS is set to 
the high level, the address counter 83 is enabled to start 
the count. The controller 46 then generates a required 
number of pulses of the clock signal CLK to specify an 



address, at which data are written, at step ST22. The 
address decoder 95 incorporated in the print controller 
40 is used to determine the required number of pulses 
of the clock signal CLK. The address counter 83 includ- 

5 ed in the storage element 80 counts up in response to 
the required number of pulses of the clock signal CLK 
thus generated. During this process, a read/write signal 
Ft/W is kept in a low level. This means that an instruction 
of reading data is given to the memory cell 81 . Dummy 

10 data are accordingly read synchronously with the output 
clock signal CLK. 

[0056] After the address counter 83 counts up to the 
specified address for writing data, the controller 46 car- 
ries out an actual writing operation at step ST23. The 
is writing operation switches the read/write signal Fl/W to 
the high level, outputs one-bit data to a data terminal I/ 
O, and changes the clock signal CLK to a high active 
state on the completion of data output. While the read/ 
write signal R/W is in the high level, data DATA of the 
20 data terminal I/O are written into the memory cell 81 of 
the storage element 80 synchronously with a rise of the 
clock signal CLK. Although the writing operation starts 
synchronously with a fifth pulse of the clock signal CLK 
in the example of Fig. 7B, this only describes the general 
25 writing procedure. The writing operation of required da- 
ta, for example, the remaining quantity of ink, may be 
carried out at any pulse, for example, at a first pulse, of 
the clock signal CLK according to the requirements. 
[0057] Data arrays of the storage elements 80, in 
30 which data are written, are described with reference to 
Figs. 8 and 9. Fig. 8 shows a data array in the storage 
element 80 incorporated in the black ink cartridge 107K 
attached to the printer 1 of this embodiment shown in 
Fig. 1 . Fig. 9 shows a data array in the storage element 
35 80 incorporated in the color ink cartridge 1 07F attached 
to the printer 1 . Fig. 10 shows a data array in the EEP- 
ROM 90 incorporated in the print controller 40 of the 
printer main body 100. 

[0058] Referring to Fig. 8, the memory cell 81 of the 
40 storage element 80 incorporated in the black ink car- 
tridge 107K has a first storage area 750, in which read 
only data are stored, and a second storage area 760, in 
which rewritable data are stored. The printer main body 
100 can only read the data stored in the first storage 
45 area 750, while enabling both reading and writing oper- 
ations with regard to the data stored in the second stor- 
age area 760. The second storage area 760 is located 
at an address, which is accessed prior to the first storage 
area 750. Namely the second storage area 760 has a 
so lower address than that of the first storage area 750. In 
the specification hereof, the expression 'lower address' 
means an address closer to the head of the memory 
space. 

[0059] The rewritable data stored in the second stor- 
55 age area 760 include first data on the remaining quantity 
of black ink and second data on the remaining quantity 
of black ink that are respectively allocated to first and 
second black ink remaining quantity memory divisions 
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701 and 702, which are accessed in this order. 
[0060] There are the two black ink remaining quantity 
memory divisions 701 and 702 for storing the data on 
the remaining quantity of black ink. This arrangement 
enables the data on the remaining quantity of black ink 
to be written alternately in these two memory divisions 
701 and 702. If the latest data on the remaining quantity 
of black ink is stored in the first black ink remaining quan- 
tity memory division 701, the data on the remaining 
quantity of black ink stored in the second black ink re- 
maining quantity memory division 702 is the previous 
data immediately before the latest data, and the next 
writing operation is performed in the second black ink 
remaining quantity memory division 702. 
[0061] The read only data stored in the first storage 
area 750 include data on the time (year) of unsealing 
the ink cartridge 107K, data on the time (month) of un- 
sealing the ink cartridge 107K, version data of the ink 
cartridge 107K, data on the type of ink, for example, a 
pigment or a dye, data on the year of manufacture of the 
ink cartridge 107K, data on the month of manufacture 
of the ink cartridge 107K, data on the date of manufac- 
ture of the ink cartridge 107K, data on the production 
line of the ink cartridge 1 07K, serial number data ol the 
ink cartridge 107K, and data on the recycle showing 
whether the ink cartridge 107K is new or recycled, which 
are respectively allocated to memory divisions 711 
through 720 that are accessed in this order. 
[0062] Referring to Fig. 9, the memory cell 81 of the 
storage element 80 incorporated in the color ink car- 
tridge 107F has a first storage area 650, in which read 
only data are stored, and a second storage area 660, in 
which rewritable data are stored. The printer main body 
100 can only read the data stored in the first storage 
area 650, while enabling both reading and writing oper- 
ations with regard to the data stored in the second stor- 
age area 660. The second storage area 660 is located 
at an address, which is accessed prior to the first storage 
area 650. Namely the second storage area 660 has a 
lower address (that is, an address closer to the head) 
than that of the first storage area 650. 
[0063] The rewritable data stored in the second stor- 
age area 660 include first data on the remaining quantity 
of cyan ink, second data on the remaining quantity of 
cyan ink, first data on the remaining quantity of magenta 
ink, second data on the remaining quantity of magenta 
ink, first data on the remaining quantity of yellow ink, 
second data on the remaining quantity of yellow ink, first 
data on the remaining quantity of light cyan ink, second 
data on the remaining quantity of light cyan ink, first data 
on the remaining quantity of light magenta ink, and sec- 
ond data on the remaining quantity of light magenta ink 
that are respectively allocated to color ink remaining 
quantity memory divisions 601 through 610, which are 
accessed in this order 

[0064] In the same manner as the black ink cartridge 
107K, there are the two memory divisions, that is, the 
first color ink remaining quantity memory division 601 



(603, 605, 607, 609) and the second color ink remaining 
quantity memory division 602 (604, 606, 608, 610), for 
storing the data on the remaining quantity of each color 
ink. This arrangement enables the data on the remain- 
5 ing quantity of each color ink to be rewritten alternately 
in these two memory divisions. 

[0065] Like the black ink cartridge 1 07K, the read only 
data stored in the first storage area 650 include data on 
the time (year) of unsealing the ink cartridge 107F, data 

10 on the time (month) of unsealing the ink cartridge 1 07F, 
version data of the ink cartridge 107F, data on the type 
of ink, data on the year of manufacture of the ink car- 
tridge 107F, data on the month of manufacture of the ink 
cartridge 107F, data on the date of manufacture of the 

15 ink cartridge 107F, data on the production line, serial 
number data, and data on the recycle that are respec- 
tively allocated to memory divisions 611 through 620, 
which are accessed in this order. These data are com- 
mon to all the color inks, so that only one set of data are 

20 provided and stored as common data to all the color 
inks. 

[0066] When the power source 91 of the printer 1 is 
turned on after the ink cartridges 107K and 107F are 
attached to the printer main body 100, these data are 

25 read by the printer main body 100 and stored into the 
EE PROM 90 incorporated in the printer main body 1 00. 
As shown in Fig. 10, memory divisions 801 through 835 
in the EE PROM 90 store all the data stored in the re- 
spective storage elements 80 including the remaining 

30 quantities of the respective inks in the black ink cartridge 
107K and the color ink cartridge 107F. 

(Operation of Printer 1 ) 

35 [0067] The following describes a series of basic 
processing carried out by the ink jet printer 1 of the em- 
bodiment between a power-on time and a power-off time 
of the printer 1 and a difference between the allowable 
frequencies of writing into the storage element 80 and 

40 the EEPROM 90, with referring to the flowcharts of Figs. 
11 through 13. Fig. 11 is a flowchart showing a process- 
ing routine executed at a time of power supply to the 
printer 1. Fig. 12 is a flowchart showing a processing 
routine to calculate the remaining quantity of ink. Fig. 13 

45 ts a flowchart showing a processing routine executed at 
a power-off time of the printer 1 . 
[0068] The controller 46 executes the processing rou- 
tine of Fig. 11 immediately after the start of power sup- 
ply. When the power source 91 of the printer 1 is turned 

50 on, the controller 46 first determines whether or not the 
ink cartridge 107K or 107F has just been replaced at 
step S30. The decision of step S30 is carried out, for 
example, by referring to an ink cartridge replacement 
flag in the case where the EEPROM 90 has the ink car- 

55 tridge replacement flag, or in another example, based 
on data relating to the time (hour and minute) of manu- 
facture or the production serial number with regard to 
the ink cartridge 107K or 107F. In the case of power-on 
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without replacement of the ink cartridges 107K and 
107F, that is, in the case of a negative answer at step 
S30, the controller 46 reads the data from the respective 
storage elements 80 of the ink cartridges 107K and 
107Fat step S31. 

[0069] When it is determined that the ink cartridge 
1 07K or 1 07F has just been replaced, that is, in the case 
of an affirmative answer at step S30, on the other hand, 
the controller 46 increments the frequency of attach- 
ment by one and writes the incremented frequency of 
attachment into the storage element 80 of the ink car- 
tridge 107K or 107F at step S32. The controller 46 then 
reads the data from the respective storage elements 80 
of the ink cartridges 107K and 107F at step S31. The 
controller 46 subsequently writes the read-out data at 
preset addresses in the EEPROM 90 at step S33. At 
subsequent step S34, the controller 46 determines 
whether or not the ink cartridges 107K and 107F at- 
tached to the ink jet printer 1 are suitable for the ink jet 
printer 1 , based on the data stored in the EEPROM 90. 
When suitable, that is, in the case of an affirmative an- 
swer at step S34, a printing operation is allowed at step 
S35. This completes the preparation for printing, and the 
program exits from the processing routine of Fig. 11. 
When not suitable, that is, in the case of a negative an- 
swer at step S 34, on the contrary, the printing operation 
is not allowed, and information representing the prohi- 
bition of printing is displayed on either the switch panel 
92 or the display MT at step S36. 
[0070] In the case where the printing operation is al- 
lowed at step S35, the printer 1 carries out a predeter- 
mined printing process in response to a printing instruc- 
tion output from the computer PC. At this moment, the 
controller 46 transfers print data to the print head 1 0 and 
calculates the remaining quantity of each ink. The 
processing routine executed in this state is described 
with reference to the flowchart of Fig. 1 2. When the pro- 
gram enters the printing process routine shown in Fig. 
12, the controller 46 first reads data on the remaining 
quantity of each ink In from the EEPROM 90 incorpo- 
rated in the print controller 40 at step S40. The data In 
is written on completion of the previous cycle of printing 
operation and represents the latest remaining quantity 
of each ink. The controller 46 then inputs print data from 
the computer PC at step S41 . In the structure of this em- 
bodiment, the required image processing like color con- 
version and binarizatton is all carried out in the computer 
PC, and the printer 1 receives the binary data with re- 
gard to a predetermined number of raster lines, that is, 
the on-off data of ink dots. The controller 46 subsequent- 
ly calculates an amount of ink consumption Al based on 
the input print data at step S42. The amount of ink con- 
sumption Al calculated here reflects not only the amount 
of ink consumption corresponding to the print data with 
regard to the predetermined number of raster lines input 
from the computer PC but also the amount of ink con- 
sumption by the head cleaning action including the 
flushing operation and the sucking operation. By way of 



example, the procedure of calculation multiplies the fre- 
quency of ejection of ink droplets by the weight of each 
ink droplet to calculate the quantity of ink ejection with 
regard to each ink, and adds the amount of ink con- 

5 sumption by the flushing operation and the sucking op- 
eration to the calculated quantity of ink ejection, so as 
to determine the amount of ink consumption Al. 
[0071] The controller 46 then sums up the amount of 
ink consumption Al thus calculated to determine a cu- 

10 mulative amount of ink consumption li at step S43. The 
amount of ink consumption corresponding to the input 
print data is successively calculated, but is not written 
into the EEPROM 90 on every time of calculation. In or- 
der to determine the total amount of ink consumption up 

15 to the moment, the procedure sums up the amount of 
ink consumption Al with regard to the input print data 
and thereby determines the cumulative amount of ink 
consumption li. The controller 46 subsequently converts 
the input print data to appropriate data suitable for the 

20 layout of the nozzle openings 23 on the print head 10 
and the ejection timing and outputs the converted print 
data to the print head 10 at step S44. 
[0072] When the processing of the input print data 
with regard to the predetermined number of raster lines 

25 is concluded, the controller determines whether or not 
the printing operation has been completed with regard 
to one page at step S45. In the case where the printing 
operation with regard to one page has not yet been com- 
pleted, that is, in the case of a negative answer at step 

30 S45, the program returns to step S41 and repeats the 
processing of and after step S41 to input and process a 
next set of print data. In the case where the printing op- 
eration with regard to one page has been completed, 
that is, in the case of an affirmative answer at step S45, 

35 on the other hand, the program calculates the current 
remaining quantity of each ink ln+1 at S46, and writes 
the current remaining quantity of ink ln+1 thus calculat- 
ed into the EEPROM 90 at step S47. The current re- 
maining quantity of ink ln+1 is obtained by subtracting 

40 the cumulative amount of ink consumption I i determined 
at step S43 from the previous remaining quantity of ink 
In read at step S40. The updated remaining quantity of 
ink ln+1 is rewritten into the EEPROM 90. 
[0073] The procedure of this embodiment updates the 

45 data on the remaining quantity of ink by the unit of page. 
This is because the printing operation is generally car- 
ried out by the unit of page. One modified procedure car- 
ries out the writing operation of data on the remaining 
quantity of ink with regard to a predetermined number 

50 of pages or with regard to one raster line or a predeter- 
mined number of raster lines. Another modified proce- 
dure determines that the printing operation has been 
completed every time the print head 10 has moved for- 
ward and backward by a predetermined number of 

55 times, and writes the data on the remaining quantity of 
ink into the EEPROM 90. 

[0074] The updated remaining quantity of each ink 
ln+1 is written into only the EEPROM 90 incorporated 
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in the print controller 40 of the printer 1 at the time of 
calculation. The same updated data on the remaining 
quantities of the respective inks are written into the stor- 
age elements 80 of the black ink cartridge 1 07K and the 
color ink cartridge 107F when the power down instruc- s 
tion NMI is output. The power down instruction NMI is 
output at the following three timings as described previ- 
ously: 

(1 ) at the timing when the power switch 92a on the io 
switch panel 92 of the printer 1 is operated to turn 

the power source 91 off; 

(2) at the timing when the cartridge switch 92b on 
the switch panel 92 is operated to give an instruction 

of replacing the ink cartridge; and 75 

(3) at the timing when the power supply is forcibly 
cut off by pulling the power plug out of the socket. 

[0075] With referring to the flowchart of Fig. 13, the 
process of storing the data on the remaining quantities 20 
of inks into the respective storage elements 80 of the 
ink cartridges 107K and 107F is described. The 
processing routine shown in the flowchart of Fig. 13 is 
activated by interruption in response to the output of the 
power down instruction NMI as described previously. 2s 
When the program enters the processing routine of Fig. 
1 3, it is first determined whether or not the cause of the 
interruption is forcible cut-off of the power supply (the 
timing (3) discussed above) at step S50. In the case 
where the cause of the interruption is the forcible cut-off 30 
of the power supply, that is, in the case of an affirmative 
answer at step S50, the allowable time is only little and 
thus the program skips the processing of steps S51 
through S55 and writes the updated data on the remain- 
ing quantities of inks ln+1 into the respective storage 
elements 80 of the ink cartridges 1 07K and 1 07F at step 
S56. The updated remaining quantity of each ink ln+1 
written into the storage element 80 at step S56 has been 
calculated according to the processing routine of Fig. 
12. The technique discussed above is applied to write 
the data on the remaining quantities of inks into the re- 
spective storage elements 80 of the ink cartridges 107K 
and 107F. The data on the remaining quantities of inks 
are written and stored into the second storage areas 660 
and 760 of the respective storage elements 80. Here the 
remaining quantity of each ink is alternately written into 
the two memory divisions allocated to the ink. In accord- 
ance with one possible application, the execution of the 
storage into each memory division may be identified by 
means of a flag, which is located at the head of each 
memory division and inverted on completion of the writ- 
ing operation into the memory division. 
[0076] In the case where the cause of the interruption 
is not the forcible cut-off of the power supply, that is, in 
the case of a negative answer at step S50, on the other 
hand, it is determined that the interruption is caused by 
either the operation of the power switch 92a on the 
switch panel 92 in the printer 1 to turn the power source 



91 off or the operation of the cartridge switch 92b on the 
switch panel 92 to give an instruction of replacement of 
the ink cartridge. The program accordingly continues 
the printing operation in progress by a preset unit, for 
example, up to the end of one raster line, and calculates 
the remaining quantities of inks at step S51. The calcu- 
lation is performed according to the flowchart of Fig. 1 2. 
The controller 46 then drives the capping unit 1 08 to cap 
the print head 1 0 at step S52, and stores the driving con- 
ditions of the print head 10 into the EEPFtOM 90 at step 
S53. The driving conditions here include a voltage of the 
driving signal to compensate for the individual difference 
of the print head and a condition of collection to com- 
pensate for the difference between the respective 
colors. The controller 46 subsequently stores counts on 
a variety of timers into the EEPROM 90 at step S54, and 
stores the contents of a control panel, for example, an 
adjustment value to correct the misalignment of hitting 
positions in the case of bi-directional printing, into the 
EEPROM 90 at step S55. After the processing of step 
S55, the program carries out the processing of step S56 
described above. Namely the controller 46 writes the up- 
dated data on the remaining quantities of inks ln+1 into 
the second storage areas 660 and 760 of the respective 
storage elements 80 of the ink cartridges 107K and 
107F at step S56. In the case where the power switch 
92a on the switch panel 92 of the printer 1 is operated 
to activate this interruptive processing routine of Fig. 1 3, 
after the writing operation of the remaining quantities of 
inks at step S56, a signal is output to the power source 
91 to cut off the power supply to the printer 1 . In the case 
where the cartridge switch 92b on the switch panel 92 
is operated to activate this interruptive processing rou- 
tine of Fig. 1 3, after the processing of step S56, the car- 
riage 101 is moved to a specific position for replace- 
ment. These processes are not specifically shown in the 
flowchart of Fig. 13. 

(Effects of First Embodiment) 

[0077] As described above, the printer 1 of the first 
embodiment calculates the remaining quantities of the 
respective inks in the black ink cartridge 107K and the 
color ink cartridge 107F, which are detachably attached 
to the carriage 101 of the printer main body 100, with 
the progress of the printing operation. The calculated 
data on the remaining quantities of inks are written into 
the EEPROM 90 every time the printing operation has 
been completed with regard to one page. The same data 
are written into the respective storage elements 80 of 
the ink cartridges 107K and 107F only at the timings 
when the power switch 92b on the switch panel 92 is 
operated to turn the power source 91 off, when the car- 
tridge switch 92b on the switch panel 92 is operated to 
give an instruction of replacement of the ink cartridge, 
and when the power supply is forcibly cut off. The data 
on the remaining quantities of inks are updated at a high- 
er frequency in the EEPROM 90, whereas the same da- 
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ta are updated at a lower frequency in the storage ele- 
ments 80. This arrangement of the embodiment favora- 
bly restricts the writing frequency of the remaining quan- 
tity of each ink into the storage element 80 and thereby 
enables the storage unit having a relatively low allowa- 
ble frequency of writing to be applied for the storage el- 
ements 80 of the expendable ink cartridges 107K and 
107R This advantageously reduces the manufacturing 
cost of the ink cartridge. 

[0078] Although the frequency of rewriting data into 
the storage elements 80 is restricted, the latest data on 
the remaining quantities of inks are stored in the EEP- 
ROM 90 of the printer 1 . The arrangement of the em- 
bodiment accordingly does not have any adverse ef- 
fects on the monitoring process of the remaining quan- 
tities of inks in the printer 1 . The monitoring process may 
blink an LED mounted on the switch panel 92 of the 
printer 1 when the remaining quantity of ink becomes 
equal to or less than a preset level. The monitoring proc- 
ess may alternatively inform the printer driver incorpo- 
rated in the computer PC of the fact that the remaining 
quantity of ink reaches the preset level and give an 
alarm on the display MT connected to the computer PC. 
Since the latest data on the remaining quantities of inks 
are kept in the EEPROM 90 of the print controller 40, 
the printer 1 can refer to the latest data on the remaining 
quantities of inks according to the requirements and out- 
put an alarm representing the state of running out of ink 
at an adequate timing. These data may be utilized to 
display the current remaining quantities of inks visually, 
for example, in the form of a bar graph, according to a 
utility program. 

[0079] In the first embodiment, the remaining quanti- 
ties of inks are written into the respective storage ele- 
ments 80 of the ink cartridges 1 07K and 1 07F every time 
the power down instruction NMI is generated. When 
there is no change in the remaining quantities of inks, 
for example, in the case where no printing operation has 
been carried out since the start of power supply, how- 
ever, the remaining quantities of inks may not be written 
into the storage elements 80. Such decision may de- 
pend upon a flag, which is set when there is any change 
in the remaining quantities of inks. In this structure, the 
value of the flag is read immediately after the output of 
the power down instruction NMI. In the embodiment dis- 
cussed above, the data written into the storage ele- 
ments regard the remaining quantities of inks. There 
are, however, other data that are written into the EEP- 
ROM 90 and the storage elements 80 at different fre- 
quencies. By way of example, such data may regard the 
cumulative time period of use of the ink cartridge or the 
state of application of the ink cartridge. 
[0080] The timings of the writing operations into the 
EEPROM 90 and the storage elements 80 are not re- 
stricted to those described above. For example, while 
the writing operation into the EEPROM 90 is performed 
M times : the writing operation into the storage elements 
80 is performed only once. When the cleaning switch 



92c on the switch panel 92 is operated to activate the 
sucking operation, the remaining quantity of ink signifi- 
cantly decreases. The writing operation of data into the 
storage element 80 may accordingly be carried out on 

s completion of the head cleaning by the sucking action. 
In accordance with another preferable application, the 
frequency of writing into the storage element 80 is writ- 
ten into a specific area of the storage element 80. With 
an increase in frequency of writing, the timing of the writ- 

io ing operation is reduced to decrease the frequency of 
writing. In accordance with still another preferable ap- 
plication, the writing operation of data into the storage 
elements 80 of the ink cartridges 107K and 107F is car- 
ried out when the user gives an explicit instruction. For 

is example, data may be written into the storage elements 
80 when the user activates the printer driver and press- 
es a 'Write' button provided in the printer driver or when 
the user operates a switch for writing instruction provid- 
ed on the switch panel 92. This arrangement restricts 

20 the frequency of writing into the storage elements 80. 
Another application monitors the frequencies of the writ- 
ing operations into the EEPROM 90 and the storage el- 
ements 80 and neglects a writing instruction of the user 
in the case where the frequency of writing into the stor- 
es age element 80 is undesirably high. 

[0081] In another possible configuration, a buffer 
memory (RAM) is provided in either the print controller 
40 or the storage elements 80. The controller 46 writes 
data into the EEPROM 90 and the buffer memory at 

30 identical timings and thereby at an identical frequency. 
The timing of writing data from the buffer memory to the 
storage elements 80 is restricted, for example, to the 
time of the cut-off of the power supply and the time of a 
replacement of the ink cartridge. This arrangement also 

35 desirably restricts the frequency of the writing operation 
into the memory cells 81 , which have the restriction of 
the writing frequency. As described above, in the first 
embodiment, an inexpensive EEPROM, which carries 
out only the sequential access, is applied for the mem- 

40 ory cells 81 of the storage elements 80 included in the 
black and color ink cartridges 107Kand 107F Such ap- 
plication desirably reduces the cost of the expendable 
ink cartridges 107K and 107F. 

[0082] In the arrangement of the first embodiment, the 
45 second storage areas 660 and 760 in the storage ele- 
ments 80, where rewritable data are stored, are located 
at addresses that are sequentially accessed prior to the 
first storage areas 650 and 750, where read only data 
are stored. Even in the structure that carries out the writ- 
50 jng operation of data into the second storage areas 660 
and 760 after the power-off operation of the power 
switch 92a on the switch panel 92, this arrangement en- 
sures completion of the writing operation of data before 
the power plug is pulled out of the socket. The configu- 
55 ration of the first embodiment, which applies the inex- 
pensive storage elements 80 enabling only the sequen- 
tial access to decrease the cost of the ink cartridges 
107K and 107F, thus advantageously reduces the pos- 
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sible failure in the process of rewriting the data. 
[0083] In the first embodiment, data on the remaining 
quantities of inks are stored with regard to the respective 
inks in the ink cartridges 107K and 107F. This arrange- 
ment enables the user to be informed of the remaining 
quantity of each ink and to receive an alarm represent- 
ing the out of ink with regard to each ink. [Second Em- 
bodiment] 

[0084] The following describes a second embodiment 
according to the present invention. An ink jet printer and 
ink cartridges of the second embodiment have struc- 
tures that are substantially similar to those of the ink jet 
printer 1 and the ink cartridges 107K and 107F in the 
first embodiment. The only difference from the first em- 
bodiment is that a control IC 200 is provided between 
the parallel input-output interface 49 in the print control- 
ler 40 of the printer 1 and the respective storage ele- 
ments 80 of the black and color ink cartridges 107K and 
107F. Referring to Fig. 14, the control IC 200 is disposed 
between the parallel input-output interface 49 and the 
respective storage elements 80 of the ink cartridges 
107Kand 107F and actually located on the carriage 101. 
A RAM 210, which is a DRAM, is incorporated in the 
control IC 200. 

[0085] The control IC 200 is connected with the par- 
allel input-output interface 49 via four signal lines and 
transmits data to and from the parallel input-output in- 
terface 49 by serial communication. The four signal lines 
include a signal line RxD, through which the control IC 
200 receives data, a signal line TxD, through which the 
control IC 200 outputs data, a power down signal line 
NMI, through which the print controller 40 outputs a re- 
quirement of writing operation at the time of power fail- 
ure to the control IC 200, and a selection signal line SEL 
that allows transmission of data through either the signal 
line RxD or the signal line TxD. These four signals are 
transmitted between the parallel input-output interface 
49 and the control IC 200 via a flexible print cable (FPC) 
300. The controller 46 transmits required data to and 
from the control IC 200 using these four signals. The 
speed of communication between the controller 46 and 
the control IC 200 is sufficiently higher than the speed 
of data transmission between the control IC 200 and the 
storage elements 80. As described in the first embodi- 
ment, the power down signal NMI is output when the 
power switch 92a on the switch panel 92 is operated, 
when the cartridge switch 92b on the switch panel 92 is 
operated, and when the power supply is forcibly cut off 
by pulling the power plug out of the socket. 
[0086] The control IC 200 has a function of separately 
transmitting data to and from the two storage elements 
80. In the arrangement of the second embodiment, one 
control IC 200 attains data transmission to and from the 
respective storage elements 80 of the black ink cartridge 
1 07K and the color ink cartridge 1 07F. In the illustration 
of Fig. 14, in order to discriminate the signal lines to the 
respective storage elements 80, a suffix V is added to 
a power source line Power and respective signals CS, 
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R/W, I/O, and CLK with regard to the black ink cartridge 
107K and a suffix '2* is added with regard to the color 
ink cartridge 107F. 

[0087] In the structure of the second embodiment, the 

s controller 46 of the print controller 40 in the printer 1 car- 
ries out the processing routine shown in the flowchart of 
Fig. 12, In the second embodiment, however, after cal- 
culating the current remaining quantities of inks ln+1 at 
step S46, the controller 46 writes the calculated current 

10 remaining quantities of inks ln+1 not into the EEPROM 
90 but into the RAM 210 incorporated in the control IC 
200. The controller 46 makes the selection signal SEL 
active to select the control IC 200 and writes the current 
data ln+1 on the remaining quantities of inks into the 

is control IC 200 through the signal line RxD by non-syn- 
chronous serial communication. 
[0088] In the case of a press of the power switch 92a, 
a press of the cartridge switch 92b, or the forcible cut- 
off of the power supply, the print controller 40 outputs 

20 the power down signal NMI both inside the print control- 
ler 40 and outside the print controller 40, that is, to the 
control IC 200. The control IC 200 receives the power 
down signal NMI and writes at least the data regarding 
the remaining quantities of the respective inks among 

2S the data stored in the internal RAM 210, into the respec- 
tive storage elements 80 of the ink cartridges 107K and 
107F. The control IC 200 carries out the writing opera- 
tion into the storage elements 80 by the technique dis- 
cussed in the first embodiment. As shown in Figs. 7A 

30 and 7B, the technique first makes the chip select signal 
CS active, then makes the read/right signal R/W in the 
high active state to select the writing operation, and suc- 
cessively outputs the data DATA synchronously with the 
clock signal CLK. 

35 [0089] In the second embodiment discussed above, 
the data on the remaining quantities of inks, which are 
to be written into the storage elements 80 of the ink car- 
tridges 107K and 107F, are stored in the RAM 210 in- 
corporated in the control IC 200 that directly controls the 

40 data transmission to and from the storage elements 80. 
The controller 46 writes the data regarding the remain- 
ing quantities of inks into the RAM 21 0 of the control IC 
200 every time the data are updated, that is, every time 
the printing operation with regard to one page has been 

45 completed. Namely the latest data on the remaining 
quantities of inks are kept in the RAM 21 0 of the control 
IC 200. When the power down signal NMI is output in 
response to the forcible cut-off of the power supply, the 
data stored in the RAM 210 are immediately written into 

50 the respective storage elements 80 of the ink cartridges 
1 07K and 1 07F, irrespective of the operations of the print 
controller 40 and the controller 46 therein. This arrange- 
ment desirably simplifies the processing of the controller 
46 at the time of forcible out-off of the power supply and 

55 thereby significantly reduces the loading of the process- 
ing. In the second embodiment discussed above, the 
writing operation of data into the storage elements 80 of 
the ink cartridges 107K and 107F is initiated by the out- 
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put of the power down signal NMI. One possible modi- 
fication transmits a standard command of the writing op- 
eration through the receiving signal line RxD, so as to 
cause the control IC 200 to initiate the writing operation 
of data. 

[0090] i n the arrangement of the second embodiment, 
the writing operation of the remaining quantities of inks 
into the RAM 210 of the control IC 200 is carried out at 
a higher frequency, whereas the writing operation into 
the memory cells 81 of the storage elements 80 is car- 
ried out at a lower frequency. This arrangement fulfills 
the contradictory requirements, that is, the storage of 
latest and accurate data and the restriction of the fre- 
quency of writing operation into the non-volatile memory 
cells 81 . The RAM 210 used in the second embodiment 
is a DRAM, which erases the contents of storage when 
the power supply to the printer 1 is out off. In the ar- 
rangement of the second embodiment, the control IC 
200 accordingly reads the data on the remaining quan- 
tities of inks stored in the storage elements 80 and 
stores the data into the RAM 21 0 on a start of the power 
supply to the printer 1 . The controller 46 reads the data 
from the RAM 210 at a first timing of calculation of the 
remaining quantities of inks (step S40 in the flowchart 
of Fig. 12) and uses the data for the subsequent calcu- 
lation of the remaining quantities of inks. 
[0091] One modification of the second embodiment 
shown in Fig. 15 writes the latest data on the remaining 
quantities of inks into the EE PROM 90 incorporated in 
the print controller 40 at a certain frequency, which is 
lower than the frequency of the writing operation into the 
RAM 210 incorporated in the control IC 200 but higher 
than the frequency of the writing operation into the mem- 
ory cells 81 of the storage elements 80. In one example, 
the writing operation into the RAM 210 of the control IC 
200 is carried out at the timings of calculation shown in 
the flowchart of Fig. 1 2. The data on the remaining quan- 
tities of inks are written into the EE PROM 90 at certain 
timings when the printer 1 has some marginal time in 
the course of the processing, for example, by a separate 
interruptive routine. The same data are transferred to 
the storage elements 80 at the timing of the power-off 
operation. This arrangement ensures the back-up of the 
data with the EEPROM 90 that has the restriction of the 
writing frequency, while enabling the latest data to be 
kept in the RAM 210 of the control IC 200. The latest 
data are written into the storage elements 80 of the ink 
cartridges 107K and 107F, for example, at the time of 
forcible cut-off of the power supply. 
[0092] In accordance with another modification of the 
second embodiment, the calculated data on the remain- 
ing quantities of inks are written into a specific area in 
the RAM 44 every time the printing operation with regard 
to one page has been completed in the processing rou- 
tine of Fig. 12. The data on the remaining quantities of 
inks are written into the RAM 210 incorporated in the 
control IC 200 by an interruptive routine, which is acti- 
vated at a different timing from the timing of the writing 
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operation into the RAM 44. In this arrangement, the lat- 
est data on the remaining quantities of inks are kept on 
the RAM 44. Another possible modification backs up the 
contents of storage in the RAM 21 0 of the control IC 200 

5 by means of a battery or a mass storage capacitor. The 
RAM 210 may be replaced with an EEPROM. The con- 
tents of storage in the EEPROM 90 incorporated in the 
printer main body 1 00 may not be completely coincident 
with the contents of storage in the RAM 210 of the con- 
to trol IC 200. Other pieces of information required for the 

control procedure as well as the pieces of information 
relating to the ink cartridges 107K and 107F are written 
into the EEPROM 90, whereas only the information re- 
lating to the ink cartridges 107K and 107F are written 

is into the RAM 210 of the control IC 200. 

[0093] The present invention is not restricted to the 
above embodiments or their modifications, but there 
may be many other modifications, changes, and altera- 
tions without departing from the scope of the present 

20 invention. For example, dielectric memories (FROM) 
may replace the memory ceils 81 in the storage ele- 
ments 80 and the EEPROM 90. 

[0094] The information relating to the quantities of 
inks regards the remaining quantities of inks in the 

25 above embodiments, but may regard the amounts of ink 
consumption instead. The storage elements 80 may not 
be incorporated in the respective ink cartridges 107K 
and 107F, but may be exposed to the outside. Fig. 16 
shows a color ink cartridge 500 having an exposed stor- 

30 age element. The ink cartridge 500 includes a vessel 51 
substantially formed in the shape of a rectangular par- 
allelepiped, a porous body (not shown) that is impreg- 
nated with ink and accommodated in the vessel 51 , and 
a cover member 53 that covers the top opening of the 

35 vessel 51 . The vessel 51 is parted into five ink chambers 
(like the ink chambers 107C, 107LC, 107M, 107LM, and 
107Y in the ink cartridge 107F discussed in the above 
embodiments), which separately keep five different 
color inks. Ink supply inlets 54 for the respective color 

40 inks are formed at specific positions on the bottom face 
of the vessel 51 . The ink supply inlets 54 at the specific 
positions face ink supply needles (not shown here) 
when the ink cartridge 500 is attached to a cartridge at- 
tachment unit of a printer main body (not shown here). 

45 a pair of extensions 56 are integrally formed with the 
upper end of an upright wall 55, which is located on the 
side of the ink supply inlets 54. The extensions 56 re- 
ceive projections of a lever (not shown here) fixed to the 
printer main body. The extensions 56 are located on 

so both side ends of the upright wall 55 and respectively 
have ribs 56a. A triangular rib 57 is also formed between 
the lower face of each extension 56 and the upright wall 
55. The vessel 51 also has a check recess 59, which 
prevents the ink cartridge 500 from being attached to 

55 the unsuitable cartridge attachment unit mistakenly. 
[0095] The upright wall 55 also has a recess 58 that 
is located on the substantial center of the width of the 
ink cartridge 500. A circuit board 31 is mounted on the 
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recess 58. The circuit board 31 has a plurality of con- 
tacts, which are located to face contacts on the printer 
main body, and a storage element (not shown) mounted 
on the rear face thereof. The upright wall 55 is further 
provided with projections 55a and 55b and extensions 
55c and 55d for positioning the circuit board 31 . 
[0096] The ink cartridge 500 of this structure also en- 
ables the data on the remaining quantities of inks to be 
stored into the storage element provided on the circuit 
board 31 , like the embodiments discussed above. 
[0097] The above embodiments use the five color 
inks, magenta, cyan, yellow, light cyan, and light magen- 
ta, as the color inks kept in the color ink cartridge 1 07F. 
The principle of the present invention is also applicable 
to another ink cartridge, in which six or more different 
color inks are kept. The present invention is lurther ap- 
plicable to the structure in which the ink cartridges are 
sex to the printer main body 100, as well as to the struc- 
ture in which the ink cartridges are mounted on the car- 
riage 101 . 

[0093] The scope of the present invention is limited 
only by the terms of the appended claims. 

Claims 

1. A printer, to which a cartridge is detachably at- 
tached, said cartridge keeping ink therein and hav- 
ing a rewritable non-volatile memory, wherein the 
ink kept in said cartridge is transferred to a printing 
medium, so as to implement printing, said printer 
comprising: 

a memory writing unit that writes plural pieces 
of information relating to said cartridge into said 
rewritable non-volatile memory of said car- 
tridge at a preset timing and thereby at a certain 
frequency; 

a rewritable storage device incorporated in said 
printer main body of said printer; and 
an information writing unit that writes specific 
information into said rewritable storage device 
of said printer main body at a specified frequen- 
cy that is higher than the certain frequency, at 
which the plural pieces of information relating 
to said cartridge are written into said non-vola- 
tile memory of said cartridge, the specific infor- 
mation being identical with at least part of the 
plural pieces of information relating to said car- 
tridge. 

2. A printer in accordance with claim 1 , wherein said 
information writing unit writes the specific informa- 
tion into said rewritable storage device of said print- 
er main body at the preset timing as well as at an- 
other timing. 

3. A printer in accordance with claim 1, wherein said 



memory writing unit writes the plural pieces of infor- 
mation into said rewritable non-volatile memory of 
said cartridge at a power-off time of said printer and/ 
or at a time of replacement of said cartridge. 

s 

4. A printer in accordance with any one of claims 1 
through 3, wherein said information writing unit 
writes the specific information into said rewritable 
storage device on completion of printing with regard 

io to one page. 

5. A printer in accordance with any one of claims 1 
through 4, wherein said information writing unit 
writes the specific information into said rewritable 

*5 storage device on completion of printing with regard 
to at least one raster line. 

6. A printer in accordance with any one of claims 1 
through 5, said printer further comprising: 

20 

a print head that is mounted on a printer main 
body of said printer; and 

a cleaning unit that is activated in response to 
a predetermined operation, so as to carry out a 
2S head cleaning process, which causes said print 

head to eject a predetermined quantity of ink, 

wherein said information writing unit writes 
the specific information into said rewritable storage 
30 device at a timing when said cleaning unit is acti- 
vated. 

7. A printer in accordance with claim 1 , wherein said 
non-volatile memory transmits data by serial ac- 

35 cess, and 

said memory writing unit writes the plural piec- 
es of information into said n on -volatile memory of 
said cartridge in synchronism with a cloak for spec- 
ifying an address. 

40 

8. A printer in accordance with claim 1, wherein said 
rewritable storage device of said printer main body 
is a non-volatile memory that holds contents of stor- 
age even after a power-off operation of said printer. 

45 

9. A printer in accordance with claim 1 , wherein a writ- 
ing rate of said rewritable storage device of said 
printer main body is higher than a writing rate of said 
rewritable non-volatile memory of said cartridge. 

so 

10. A printer in accordance with claim 9, wherein said 
rewritable storage device of said printer main body 
is either a DRAM or an SRAM. 

55 11. A printer in accordance with either one of claims 9 
and 10, wherein said rewritable storage device of 
said printer main body is disposed in a control IC, 
which directly controls the writing operation of the 
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plural pieces of information into said non-volatile 
memory of said cartridge. 

12. A printer in accordance with either one of claims 1 
and 2, said printer further comprising: 

a print head that is mounted on a printer main 
body of said printer, 

wherein said cartridge is detachably attached 
to a carriage, on which said print head is mounted 
and which moves forward and backward relative to 
said printing medium, and 

said storage device of said printer main body 
is disposed on said carriage. 

13. A printer in accordance with claim 11, said printer 
further comprising: 

a print head that is mounted on a printer main 
body of said printer, 

wherein said cartridge is detachably attached 
to a carriage : on which said print head is mounted 
and which moves forward and backward relative to 
said printing medium, 

said control IC is disposed on said carriage, 

and 

said control IC on said carriage transfers data 
to be written into said non-volatile memory from said 
printer main body to said cartridge via a cable con- 
necting with said carriage. 

14. A printer in accordance with claim 1 , wherein 

both a black ink cartridge that keeps black ink 
and a color ink cartridge that keeps a plurality of dif- 
ferent color inks are detachably attached to said 
printer as said cartridge, and 

said memory writing unit writes the plural piec- 
es of information into non-volatile memories, which 
are respectively provided in said black ink cartridge 
and said color ink cartridge. 

15. A printer in accordance with claim 1 , wherein said 
memory writing unit writes the plural pieces of infor- 
mation into said non-volatile memory o1 said car- 
tridge, before said information writing unit writes the 
specific information into said rewritable storage de- 
vice of said printer main body. 

16. A printer in accordance with claim 1 , wherein said 
memory writing unit writes the plural pieces of infor- 
mation into said non-volatile memory of said car- 
tridge, after the writing operation of said information 
writing unit into said rewritable storage device of 
said printer main body is completed. 

17. A printer in accordance with claim 1 , said printer fur- 
ther comprising: 

an identification unit that determines whether 
or not contents of storage in said non-volatile 



memory of said cartridge are coincident with 
contents of storage in said rewritable storage 
device of said printer main body at a time of 
power supply to said printer and/or at a time of 

5 initiating a replacement of said cartridge; and 

a reconciliation unit that reconciles the contents 
of storage in one of said non-volatile memory 
and said rewritable storage device with the con- 
tents of storage in the other of said non-volatile 

10 memory and said rewritable storage device, in 

the case where said identification unit deter- 
mines that the contents of storage in said non- 
volatile memory are not coincident with the con- 
tents of storage in said rewritable storage de- 

is vice. 

18. A method of managing information in a printer, to 
which a cartridge is detachably attached, said car- 
tridge keeping ink therein and having a rewritable 
20 non-volatile memory, wherein the ink kept in said 
cartridge is transferred to a printing medium, so as 
to implement printing, said method comprising the 
steps of: 

25 writing plural pieces of information relating to 

said cartridge into said rewritable non-volatile 
memory of said cartridge at a preset timing and 
thereby at a certain frequency; and 
writing specific information into a rewritable 

30 storage device incorporated in said printer main 

body of said printer at a specified frequency 
that is higher than the certain frequency, at 
which the plural pieces of information relating 
to said cartridge are written into said non-vola- 

35 tile memory of said cartridge, the specific infor- 

mation being identical with at least part of the 
plural pieces of information relating to said car- 
tridge. 

40 19. A cartridge keeping ink therein and having a rewri- 
table non-volatile memory, said cartridge being ca- 
pable of being detachably attached to a printer, 

wherein information relating to said cartridge 
is written into said non-volatile memory of said car- 

45 tridge at a certain frequency that is lower than a 
specified frequency, at which the information relat- 
ing to said cartridge is written into a storage device 
incorporated in a printer main body of said printer. 

so 20. A cartridge in accordance with claim 19, wherein the 
information relating to said cartridge is written into 
said non-volatile memory of said cartridge at a pow- 
er-off time of said printer and/or at a time of replace- 
ment of said cartridge. 



55 



21. A cartridge in accordance with claim 19, wherein 
said non-volatile memory transmits data by serial 
access, and the writing operation of the information 
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relating to said cartridge into said non-volatile mem- 
ory is carried out synchronously with a clock for 
specifying an address. 

22. A cartridge in accordance with claim 1 9, wherein the 
information relating to said cartridge is written into 
said non-volatile memory of said cartridge, before 
the information is written into said storage device of 
said printer main body. 

23. A cartridge in accordance with claim 1 9, wherein the 
information relating to said cartridge is written into 
said non-volatile memory of said cartridge, after the 
writing operation of the information into said storage 
device of said printer main body is completed. 

24. A cartridge in accordance with claim ^9 I said car- 
tridge comprising: 

an ink reservoir, in which a plurality of different 
inks are kept, 

wherein plural pieces of information with re- 
gard to the plurality of different inks are written into 
said non-volatile memory of said cartridge. 



storing pieces of information regarding the two light 
color inks being located in a second area that is writ- 
ten next by said printer. 

5 28. A cartridge in accordance with claim 27, wherein the 
three deep color inks are cyan, magenta, and yel- 
low, and the two light color inks are light cyan and 
light magenta. 

io 29. A cartridge in accordance with claim 24, wherein 
said non-volatile memory has a specific writing ar- 
ea, in which the plural pieces of information are writ- 
ten, on one end of a memory space thereof. 

is 30. A cartridge in accordance with claim 19, wherein 
said non-volatile memory is an EEPROM. 



20 



25. A cartridge in accordance with claim 24, wherein 25 
said ink reservoir is parted into at least three ink 
chambers, in which at least three different inks are 
kept, 

wherein said non-volatile memory comprises 
a plurality of information storage areas, in which plu- 30 
ral pieces of information regarding quantities of the 
at least three different inks are stored respectively 
and independently, and 

a storage capacity of at least one byte is allo- 
cated to each of the plurality of information storage 35 
areas. 

26. A cartridge in accordance with claim 24, wherein 
said ink reservoir is parted into at least five ink 
chambers, in which at least five different inks are «o 
kept, 

wherein said non-volatile memory comprises 
a plurality of information storage areas, in which plu- 
ral pieces of information regarding quantities of the 
at least five different inks are stored respectively 45 
and independently, and 

a storage capacity of at least one byte is allo- 
cated to each of the plurality of information storage 
areas. 

so 

27. A cartridge in accordance with claim 26, wherein the 
at least five different inks comprise three deep color 
inks and two light color inks, which correspond to 
two deep colors among the three deep color inks, 

the information storage areas for storing piec- ss 
es of information regarding the three deep color inks 
being located in a first area that is written first by 
said printer, and the information storage areas for 
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Fig. 3 
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(54) Printer and ink cartridge attached thereto 

(57) The present invention provides a printer (1 ) that 
enables required data, such as a remaining quantity of 
each ink (Jn+1), to be written securely even when astor^ 
age device having a relatively low allowable frequency 
of rewriting is applied for a storage element (80) mount- 
ed on an ink cartridge (107K, 107F). The present inven- 
tion also provides an ink cartridge (107K, 107F) that is 
detachably attached to the printer (1 ). In the printer (1) 
of the present invention, a sequential access-type EEP- 
ROM having a relatively low allowable frequency of re- 
writing is applied lor storage elements (80) incorporated 
in both a black ink cartridge (107K) and a color ink car- 
tridge (107F). A print controller (40) in the printer (1) has 
a memory, for which an EEPROM (or a DRAM) is appli- 
cable. Data relating to each ink cartridge (107K, 107F), 



are stored into both the EEPROM (90) of the print con- 
troller (40) and a memory cell (81 ) included in the stor- 
age element (80) of the ink cartridge. The writing oper- 
ation of data intothe EEPROM (90) of the print controller 
(40) is carried out at every time the remaining quantity 
of each ink is calculated, whereas the writing operation 
into the memory cell (81 ) in the storage element (80) of 
the ink cartridge (107K, 107F) is carried out restrictedly 
in response to a power down instruction. This arrange- 
ment causes the frequency of writing into the storage 
element (80) of the ink cartridge (1 07K, 1 07F) to be low- 
er than the frequency of writing into the EEPROM (90) 
of the print controller (40). This accordingly fulfills the 
requirements, that is, the sufficient reliability of data and 
the restriction of the allowable frequency of rewriting. 
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